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K 8843 

ocktjcciivey hemmug a oufterbahzah oil sums -jo 

CX&YTE PERMEABILITY AND SSIBSECUWCXV PK3DD0B OIL 

Ih.-is invention related tea raTowariog oil frcci a subterranean 
oil shalt* by vmmt* of A caxittctivfc heat drive prorsww. Stare 
particularly, the invention relates to treating a relatively thick, 
and substantially cofrplertely inpameable subtontwean oil shale by 
noons of 5. conductive boating pzo-jae* which both creates a 
pe notable zone within a selected portion of the oi I shale and 
subsequently produons shale oil Itydiocarbane. 

A p^rroability-aidsd typo erf conductive heat drive far 
producing oil frcro a subterranean nil shale invented in Sweden 
hy F.Ljur.gstroeiD. That pKooese, which was invented about 40 year!) 
ago, wag camiarcially used on a small scale in the 1950s, it is 
described in 9wedisi) Patents NO** 121,737) 123,136: 123,137; 
123,133; 125,712 and 126,674, in United Stataa Patent No. 
2/732,193, and in joornal articles such aai 'Xfriderground Shale Oil 
Pyxolysis According to the Io\nagstroan Hathod", IVA Vblmne 7A 
(1?53> No, 3, pagas 118 to 123, and "Net ftisrgy Recovoriefi For The 
In Situ Gialectric Hc*tJLag of Oil Shale 11 , Oil Shale Symposium 
Proceedings 11, paga 311 to 330 jL978). In tha 9*ediah prooaea, 
heat j Section wslls and fluid producing wells were completed 
within a permeable n©ar*-*urfaco oil ahala formation so that tJiero 
was lass than a threa-cnetre separation betuoan tha boreholea., The 
fraat injection wells wxe equipped with electx.\cal or otter heating 
olcraaits which were surrounded by a mass of troterial, such as sand 
or cement, arr a n ge d to transait haat into tha oil shale while 
preventing any inflowing or outflowing of fluid, in tha oil shale 
for which tlie Swedish prouaas waa deaignad aj)d tested, the 
psncmeabiJity was such that, due to a continuous inflowing of ground 
vat»r f a cxsrtinuou* porping^oot of water was naadai to avoid 
wasting energy lay e v apora t ing that water. 

With xaapeot to ^uhotaptially ccepletely kpormsahle, 
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relatively ifca© and ):elaU.vcly thick oil shale deposits, such as 
ti:ose vn the Piceance hasin in the united statoe, tha poeeSMlity 
o£- utilizing a <xuidnctiwB haatjjng prcoa*» fear poroduoiiiq oil *aa 
pxwlcualy considered to be ~ aooaaodxng to prior teachings and 
beliefs — wi~*ncoucaLl9 unfeasible, lfor uxairpli*, in tha 
ahewe-identified Oil Shalis Symposium, the Ljurajatanoem jxrocoaa is 
chararbotl-EOd cm d proaas* which ".*««uccessiully recovered £haic 
oil by fjrat^ddiiig tubular elacLELeai hearting elatants within 
hioh^raxi* shale deposits. This ireihod relied on ordinary tJienral 
diffusion for ahaO.e boating, which, of. oouree, requires largu 
tenperratvro gradients. 'Cltua, heating one wry nun-uniform; ^maaths 
ware required to fully retort snail rtxxn-aiza blocks of shale. 
Also r /aieh heat energy was wasted in mtttoriusiting the chaiis: xwjinn* 
r*ycod the periphery of tta j.-etsiutjpg zone and cA-erhaautog the 
stale closest to tJua heat source. Tha Latter problao i« especially 
important iu the ease of Astern £ha2as f a-ince tfjermL erarqy i,n 
overhuorted zones, cannot fully recovered by diffusri.cm duo to 
d^dothortnlc reaction? which take place above about 600 'C* (pD^s 

Id .substantially in^erraeablo typea of relatively thick 
subterranean oil shale farmaUcoS/ tho creating and maintaining of 
a pcjaitonbixa gone Ui3?aagh which the pyro lysis products can be flowed 
lias been found to be a severe problem. In <JT> Patent Nb. 3,468,376* 
it is stated (in colfi. 1 and 2) that '"There are two j«cchanisn» 
involved iii the transport of heat tttcough the oil ahale. Heat is 
transferred through the solid n*&& Of oil shale by cXclductian, W» 
boat is also trans ferrod by convection tlirough tha solid trass of 
oil Rhale. 'She transfer of heat by conduction ie a relatively alow 
process . Tha average Chersnal oondoctivity and average tbernjal 
diffnsivity of oil ahale are aJwut those of a firebrick. Tha matrix 
of anljd oil shale has an extremely low peaareebility nuch lite 
ungLtced porcelain. As a xteault, the ccwvcctive transfer of l^at in 
limited to heating by fluid flosce obtained in open channels which 
traverse tha oil shale. 'Jhea© flow channels nay be natural ajKl 
artificially induced fractures. . . * Gn heating, a layer of 
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pyxulyzRd oil shale builds adj&aaat the channel. Tide layer Is an 
inorganic wrtn-ral matrix which oantoeiiui varying ctegroes of cwrton. 
ilie layer is an evcr-oxpandir^ hairier to beat flew from the 
heating fluid in the channel." The patent ie dirated to a ptoukhh 
for circulating heated oil t^wla^pyrolyzing fluid through a flow 
channel while Adding abrasive particle tx3 fete eirxsilating fluid to 
erode the layer of pyroiyzed oil chain being formed adjanent to tlio 
channel. 

Although tha thermal conductivity and thomwi diffuw.vity of 
many aubterraneiirj oil shales are, in fact, relatively adjw.lax to 
those of unglajcod porcelain and firebrick, us Patent N£> 3,237,689 
postulates that "a rapid advance of a hnat front" (Col. 3, line 7) 
can be obtained by exchanging heat between bhe oil ahale and. a 
nuclear reactor cooling fluid and describes gyctnns far uaing such 
re&ctore either located an the earth' a surface* or in the? oil anal* 
deposit. 

OS Pattait $ s 2M t 2H eaye fat Col. 1, lines 3-31), "The 
prpd»ction of oil from oil shale, by heating tha ahale by various 
cnaana auch as ... an electrical reaiatance heater . . . has been 
AttentfTted with littio aoccmsm, , ♦ . Fracturing of the sbalo oil 
prior to the application of beat thereto by in situ aartoustian or 
other means has been practised with little success because the 
shale rwrJJ.3 upon Ideating with consequent partial, or ccoplete 
o.losuro of the fracture 41 . The patent describes a prncea* of 
asquent tally heating {and thus? selling) the oil shale, then 
injecting fluid to bydreulical ly, fracture the swollen shale, then 
repeating th03G etepe until a boat-stable fracture has hero 
propagated into a prodiwtioo wall, 

US Patont No* 3,455,383 describe* the accrcinilation of 
partially depleted oil shale fragments within a flow channel such 
as a horixdnbal fracturo being held open by tha preaanre of tte 
fluid within the channel. The patent discloses that if the channel 
roof is lifted to wtntain a flow path above such a layfer of 
depleted shale, the overlying fommtiona mast ha bent and, without 
precautions, will bend to an extent causing fractures to extend up 



1288043 



to the surface of tba aartli, Ttc patent io directed to a process of 
lnterndttenUy rowing the pressure on the fluid within sucta an 
fracture to all*** the weight of tiie ovetJaurdon to crush and compact 
the layer of depleted shale. 
5 In a si</nificant portion of subotantiaJJy irnpc-rrseable aiv3 

relatively thick oil ehale deposits, such aa those in tha Pioaancc 
Basin, a valuable reacuroo at a\\vth\um is present in the form otf 
dawsanita. In US Patent No. J ,389, 975, directed to reaovariijg 
aluminium value* frnn retorted oil sfaaliwi whlxtf* have baan mined out 

to from such aeposits, it la pointed out that, in a substantial 

ahsnnoe of water* at tenfaeraturw of about 1300 °P the dawKxiito 19 
oaiTOrtfid to crystalline sodium alurcijvito. Such a water- free 
retorting can daoanpoee dolcmlte in tha shale, to produce carbon 
dioxide, calcito, and magnesium axlda so that iwqncsium axida 

] 5 carbines with part of the ailxobn dioxide in tbs sltale, in a rtoiuwr 
permit ting a higher recovery of tha aluminium values by a inching- 
process. US Patent Wo. 3,502,372, directed to utilizing solution 
ironing to recover daweonibe, indicate* that where the pyrolyivis is 
effected by an aqueous flrrld, such a* steam or the prodecta of 

20 underground cocttwstion, it timet be cmductod at a 1m tenqperature 
and thus relatively slowly, to avoid converting tile dawraiita and 
othav soluble alumlniua cajpcrauls to an imsoluble material such aa 
analcit**. In US Patent &3- 3,572,838, a similar relatively low 
teoperatura pyrolyaia is alternated with infections of an aqueous 

2^ alkaline fluid oontaitdng an acld-ineoliihle chelating agent to aid 
in leaching dsweanite without forcing such ineoluhle material 3 » 

Tha present invention relates to a flrocaaa far cortdoctiuely 
)\eating a s ubterran ean oil shale rbneetien in a matvtsr arranged Cor 
producing oil from a eobtexraneai oil shale fuuiati oo is, 

M initially, substantially iirpenreable. in accordance *ith this 
lrwantica, the paction of oil shale deposit to be treated is 
selected, on tha teste of tha variations vith depth in the 
ccmpceitifln an pcopertlee of its ooopenente, to have properties 
capable of interacting Ja a itarmcr which enhances the uniformity of 

35 the heat front* to on extent limiting tha tine and energy 
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expenditures producing tha oil to valu s equivalent to less than 
the value of the oil which 1* produced. The selection of the 
treatment interval la based on the grade end thickneea of the 
portion of oil shale deposit to be treated end the enhancement it 
provides amount* to reducing the aiaount of heat energy loot due to 
exotherttic aide reaction* and increasing the anount ox oil 
recovered from a given grade of oil shale. 

In accordance with this invention at Least two valla are 
completed into a subterranean oil ah ale treatment interval which 
ta substantially irapacraeable, contain* substantially no wobile 
water, is at least about 30 m thick, la capable of confining fluid 
at process pressure, at leant substentiaily within the treatment 
interval, and cent aloe a grade and thickness of oil shale such 
that the average grade in gallons of oil plus gas equivalent par 
ton by Fischer As*aay ie at leaat about 10 and the product of the 
grade times the thickness in nut re* of the oil shale ia at least 
about 90 0. 

Thus, the present invention provides in a process in 
which cU Is produced froa a subterranean oil shale deposit by 
extending at least on* each of heat-injecting and fluid-producing 
*eUs into the deposit, establishing a heat-conductive fluid- ~ 
impermeable barrier between the, interior of each heat- injecting 
veil And the adjacent deposit, and then heating the interior of 
each heat-injecting well at a teaperatuxe sufficient to 
conductive iy heat oil shale korogen and cause oyrolysie products 
to for* fractures within the oil shale deposit through which the 
pyrolyais products are displaced into at least one production 
wall, an iaprovement for enhancing the uniformity of tha heat 
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fronts moving through the oil shale deposit, which comprises* 
determining variations with depth m the composition and 
properties of the oil shal deposit; 

completing said heat-in Jectiog and fluid-producing wells 
selectively into a treatment interval of oil shale in which 
the oil shale deposit <a) is at least about 30 m thick, (b) 
Is substantially impermeable and free of mobile water, 
(c) has * composition, and thickness such that the product of 
the average Fischer Assay grade tiaee the thickness of the 
treatment interval is at least about 900, and Id) thereby 
contains conponent* capable of interacting in a manner 
enhancing the uriif ormity of a frotit of conductivaly 
transmitted heat, with said wella being arranged so that, 
at least substantially throughout said treatment interval, 
the well boreholes are substantially parallel and are 
separated by substantially equal distances of at least 
about 6 m; and 

within the interior of each heat-injecting well maintaining 
an average temperature which, selectively along said 
treatment interval, is at least about 600°C, but ia not 
high enough to thermally damage equipment within the well, 
while heat is being transmitted, away from the well at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adlacent to 
the heated interval wlthia the well. 

In a location in which a subterranean oil shale may 
contain portions which axe generally suitable for use as a 
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treatment int rval {as described above) &ut are ape to be 
Permeated by substantially disconnected natural fractures and/or 
Planes of weakness as trail as being located near boundaries of th« 
oil recovery pattern and /ox near a potentially active aquifer, the 
ape ration of the present process can advantageously b« combined 
with a use of "guard Mailt" locatad near the periphery of the oil 
recovery pattern and/or between a production well and an aquifer. 
Such guard veils are extended at least substantially throughout 
10 the vertical extent of the treatment intervale end the adjacent 

formations- are Initially heated by thermal conduction in a manner 
similar to that employed in the heat- injecting veils, except that 
the guard wells are heated at temperatures which are too low to 
gasify significant proportion of the oil shale organic conponenta 
but are high enough to cause a significant thermal expansion of 
the rock matrix of the oil shale deposit. 

in some instances, it nay be desirable to maintain such 

a 
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relatively lew tentaewtnre guard wli tmatring throughout at: least d 
substantial portion of tl>a shale oil recovery process. In other 
instances, aftor on initial relatively lew teti^ttratuna heating of 
tha guarri* Meils* it my )js advantageous to lis*! guard m?11b tit 
5 about tha temperature ac looted for tha teat-injecting walls, in 

order to expand thp pattern of walla frcm which oiJ is displaced by 
thermal orgirinrfcion. 

fts used herein i^gordLng ths grade of the portion csf oil shale 
to bo treated, the "average grade in gallons per ton by Fischar 

10 Assay" refers to the following: TS» datarirination is or ia 

equivalent to t» dntauninatioct conducted substantially an described 
in tha Standard Test Method I) 5904-60. Crushed raw shale is 
aanqpled by rif fle-splittliitj. Thm detanidnation of tho amount o£ cxil 
plus gas eq^iva.lart aval labia- from oil shaJe is made by heating tha 

)3 raw shale from ambient Caqneraturc to 50 Q *C in caat aluwuvn^- 

alloy retorts. Tho vapour distilled from tte saspl* ana cooled and 
tha condensed fraction is collected, Tha oil and water fractions 
are separated, the wfcer voluwa (omttarted to weight equivalent) is 
measured and subtracted from tho oil plus «*atsx weight, l Vht* weight 

20 ot unoomdonsafalfi ^asas evolved j gas-plus-loss) is then calculated 
by difference, the grade, as used in the "grade tines tMckrass in 
metre© of oU shale™ product/ is the gallon* of oil plus 
l^ydrocarbon <jas equivalent corrospending to the total weight tsf nil 
plus hydrocarben gas evolved by the heattog* 

25 Tha walla are ocwplcfced into ttie treatment interval and ar« 

arranged to provide at least one each of heat-injeotlrg and fluidV 
paxrfucing valla havii^ 

the treatment interval , are substantially parallel and are 
separated by substantially equal distances of at least about € til 

30 In each ]»at-irrj«trting well* substantially throughout the treatment 
intervals tho w«JU-8urxoondino faca of the oil shale foumt ion in 
sealed vith a solid ratorlal and/or cement which is relatively heat 
oondnstivw and substantially fluid tapttmBebl*, In each fluid- 
producing w»ll p substantially throughout tho treatment interval , 

j£ fluid Ounaoriioatian la established botwoan tha wall borehole and 



12SS043 



tiua oil shale formation and Vw is arranged lor pnxlucing 
fluid from tha oil shalo forraatican^ T^e interior of each, 
heat-injecting w»ll is boated, at least anbatanHaUy tJiroughcut 
tJie trcbtawrrt. interval, at a rate or rates cwytthlpi of (a) 
5 Increasing tha ta nyei atu j .e within the borehole: interior to at lease 
abuut 600 9 C and (b) maintaining a borehole interior tfinperature of 
ot least a)X7Jt 600 °C without causing it to be cam high eraxigb tn 
thcvmmlly daaaga equljxneut within tfw borehole white tJte rate &t 
which boat ia generated in the borehole ia *uhf?tEDtia3 Jy equal to 

10 that permitted by the hsat epewiuctivity of the oil bhala r acjujti on. 

In a preferred aitodiaant of the present process, the imbariol 
for dealing tha f ace of tha oil shalu ftarmnH n n along Che borehole 
of at least oott baa-t-injeccing welt la a dosed hotter* rasing 
qroirted by caaant arranged to f i U substantially all ti£ tha apa:** 

1 5 bataraen each auteniost aiitallic elenent present within the interior 
of tha borahola and the adjacent fao* of tha oil shale forratian, 
with said curat having a. tternal conductivity at leant 
substantially as high as that of the oil shale formation. 
DetenraLnatlxjns an» made of variations with depth ill tha 

20 oowpasitiOT and properties of the oil shale deposit and, la a 

particularly preferred prtxttdure, based on tha variation with depth 
in tha heat, conductivity of tha oil shala deposit, tha heat- 
injecting ws.Us axe Ideated so that relatively higher cescperaturos 
are allied at dapthe adjacent to portion* of tha oil shale deposit 

2 r , in which tha heat conductivity is relatively loir. In addition f or 
alternatively* in various situations, tha effective radius of at 
least one heart-in jesting well is increased by creating an expanded 
portion of the well boroJtato and extending heat-coodooting metal 
eJananta from within the heated wall interior to near tha wall of 

30 tha expanded portion of tha borehole, 

TTia pcaaaok process is valuable for use *a±hin a txaatment 
interval of oil shala which contains other valuable odnaraln such as 
dscNSonite and/or oahoolite. In such a situation the preaant pcooe&s 
creates a pentcabli* codb which is selectively Located, within tint 

35 treatment interval and subetarstially within the JxTundarics of tho 
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*»11 paitorh used .tor the oil praJuetiocu The resultant pcrucabls 
rxsfwt in a 2CQ£» txom which anch other minerals can be saumi on- 
mined* 

In general, tJio pressnt invention is applicable to 
substantially any subterranean oil *hal* (deposit ocetaining an 
interval of BubstanHally iiiparaftable oil shaJa which is 
substantially frco of mobile ratter* is fforo than abrait 30 ra tfiicfc, 
and has ail adequate average grade in gallons per tun (Fischer 
Assay! to give a grado-thiekrj6i*» produrfc o£ about 900 or greater. 
Ths avoruge grade of the beabed Interval should be greater tixan 
about iO gallons* par tan (Fischer Assay) . Within thaaa lirnitaticns, 
a hicjhsr grade- thickness product i.e increasingly desirable if other 
condition* sunti as depth raaain the sane. 

ths invention will 1KW be explained in greater detail with, 
reference to the aoooqaonying drawings, m vahichs 

Figure 1 shows a plot of relative rate of return (BR) for 1982 
US dollar* invested ill installing and operating the proco&s of the 
pro wait invention, as a function of oil shale grade-thiefcneas 
CGfclH) product, to produce shale oil at its 1982 value. 

Figure 2 illustrates a plot of thermal profiles at an 
observation well regarding tewperaturea treasured at different 
depths (D) and time* within that wall. 

Figure 3 is a plot of the radial thzrmal profiles at the 
middle of a heated rone after different tinea of heating. 

Figure 4 is a plot of thencel oanductivitiBe p31.-al.lel and 
perpendicular to the bidding planes of an oi I shale as a function 
of teepcraturs. 

Figure 5 is a graph of Fischer Assay yield with depth (D) In 
and above a heated portion of subterranean oil shale. 

figures & atsJ 7 are plots of horizontal and vortical 
tanpecature profiles within a heated portion ot 9ubterraj*aan oil 
shale foxnation. 

Figure 8 ie a eehewttic illustration of a portion of a *eJl 
ccorp lotion arranojervrit rat table for practising the present 
invention* 
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we IX pautoru used .tar the oil prcduetiaeu Tha resultant pcrsaaahltt 
zcne j.s a joxw from which audi otJx?r Minerals cam be anlnt Ion- 
mined* 

In geo-ral, the present invention is applicable* to 
substantially any subtCErranaan oil *hal/? deposit osataiuing an 
interval of mibstanH ally lflperDttdala oil shaJ« which is 
substantially £reo of mobile wacer, is irort than abnut 30 m thicfc, 
and has an adequate overage grade in gallons psr tuo (Piaster 
Assay) to give a grado- thickness product- of about 900 or greater* 
Ths avorcjuge grade of the heated interval should be greater tJun 
about 10 gallon* par ton (Fiscfter Assay) . Within thaea liratnaUcns, 
a htofav grajae-bnickneea nrodnct is increasingly desirable if other 
conditions such as depth rcoain tha Kane. 

Hvs invention will now be explained in greater detail with, 
inference to the aoocopanyxng drawings , in which* 

Figure 1 shows a plot of relative rote of return (BR) for 1982 
US dollars invested in install 1 my and operating the process of tba 
present invention, as a function of oil shale grade~thicfcaQ33 
[<3>am product, to produce shale oil At its L982 value, 

Figoxe 2 illustrate* a plot of thsrnal prof II re at an 
observation well regarding temperatures measured at different 
depths ID) and time* within that wall. 

Figure 3 is a plot of the radial thsraal profiles at the 
middle of a heated sane altar dif fiarent tinea of heating* 

Figure 4 ia a plot of thenral conductivities parallel and 
perpendicular to the tedding planes of an oil shale as a function 
of tcopcrature. 

Figure 5 is a graph of Fischer Assay yield with dspth (D) in 
and abovo a heated portion of subterrsnsan oil stele. 

Figures 6 and 7 axe plots of horizontal and vartioal 
tHn|«ature profiles within a heated portion of sutoberranaan oil 
fiJvila formation. 

Figure 8 is a sohestttio Uluntraticn of a pnrHnn of a 
carp lotion arraTxamnt sol table for practising tha preaant 
invent ion- 
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lar aartri, Ijjungstzosa teach*,* that tha in *itu hearing and 
pyrolyzing should ho dona in a portion of t)t» iaparnwablc formation 
which is vertically rsontiguuua to a ^n-inturounnsctiuq fracture 
or a layer which bcB different o^looical character and ia 
permeable to flow of the fluid produi^.K of the heating ur 
pyroly.iisi. 

Contrary to LJie implications of such prior teachings awt 
beliefs, applicants diocovarad that- tha presently describes 
ctnductive halting process is ©concraically feasible for utsa in a 
substantially lirpeonaable subtearanaan oil aba leu This is not 
obvious, particularly in viae of tha fact that tha present process 
uses a much larger well spacing than that used in tha Swedish 
process and thtt praawTt process la cendncfted by heating tha 
injection wells to tenparaturw of at laaat about 600 *C laltfaoogh 
600 *C haa basn said to by conducive to an fecmry ri t ra3 3y untenable, 
heat- wasting, erabthemic reaction? as* the Oil Shale 9ynpc*ritf» 
Proceedings rationed above) . 

^ means of laboratory and field teat wasurenenta and 
mathematical noctela of the present: prooaaa, applicants have found 
ttet whan tha mils aro apooad, completed, and operated aa 
presently <fescribed, the only region in which beat energy ia 
utilized in an endotiwrsiic ruction amounts to lea? than about U 
of tha am* to ha heated, and tha energy lost In that fashion ia 
inalgnif leant- Applicants have measured the rate at which 
substantially iifrparttaabla oil shale forwitiana ax* hnatcrl by 
conductivity, and have ddtartotinai tha amount of boat required for 
pyxolyslng toarogan and thermally pDcassuriziog tha pyrolysis 
producta to preesures oapabla of fracturing a ralatrvtly deep oil 
shaila tarnation and thamally displacing pyrolyeia prodncta through 
tha ao-craated permeability, 

lbs data obtained by such neaarcenenta in the field and in the 
laboratory tan* bean employed in calculation* of power recjulr©- 
manta, ecananLcg, tixm to atart probation, orojfsct duration, 
anoont of preoption, ate*, in natheotttioal slimlatiana- that 
onrxwiat* with the field and laboratory data and indicate the 
cnagnita&a of such factor* in raapRst to a full soala pmcaa?. 
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T>x)ge calculations indicate that tha presently define**! 'pxocevs Is 
tha only ahale oil. production pHoccw of wht.ch fiipylicantn arc war* 
which is capabla of ccociarically djfciiininjg oil from a relatively 
low grade oil KhaUe tonratinn, soch as on* in which tha Fischer 
Assay .is only 15 gallon* or leae pjr ton. ^Wb capability can 
Incrcassi tha petroleum itwsrvr?^ of a sigrvifTlocuit proportion of the 
oil stole land* lay a Jfautnr of six. in acjAicion, with respect to 
processes for uadar<jxoroid mining and oudified in situ retorting ol 
oil ahaJe, th© prRssnt procaa» Hign if leant ly ruvnreasca tha anxxmt 
of available resources by eliminating the tor support pillars 
and iutoxburdan between naming zona* and by providing a means for 
treating substantially all of a very thick interval of oil shale. 

Tha present process can acVantagoouiily be applied to an oil 
abate formation in which there i* significant oonaentration o£ a 
tninaral such as cawooniba or oahoolite. In such a fauaation the 
procttwi provide* a perracafoln zen- from which such a mineral can be 
recovered, in addition P the p reagnt prccasa ia particularly 
acVantagacrw in converting daw&onite to water-soluble oornpounda of 
alurainiULU (probably rha-alumjia) which have bfeen (both chendceliy 
and physically) *ade available fox solution-mining to produce the 
aluarininni — an eaasnttal notorial which is in short wppiy Within 
the United States. In contrast to many previously proposed 
processes, the process of the present invention rocjuirfcfc sub- 
stantial ly no water, involves mni^al lard disruption, and can ba 
conducted with minimi atjcoaphoric pollution. 

Figure 1 etow the relative rate of return for 1982 US dollar* 
invested in installing and operating the present proem in field 
ajppli cations that have boon nathanatically nodal3ed from data 
obtainsti by field and laboratory naa* m .encm s. 

Simple i 

A DDziair of injectlm and prediction walle drilled into an 
oil shale forautian 4B n in thiekneaa with 120 a of ovetburctei- Tha 
avei^g^ oil grade of the interval is 20 gallon* per ton as deter- 
mined by fleeter Amy* 

TSte well pattaxn in a «won-*pot with each heat irrj*rtoc at 
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tha comer: of a regular hexagon surrounding a central pra&xrLng 
wall. The spacing is 22.5 to between producers and }j>}ectora. The 
pattern repeats vri th producers shoring tha injectors i n cash 
direction and oantiraiae to form a field-wide pattern capable of 
5 prewiring a large quantity of oil. The injecte-to^prnduonr ratio 
approactoa 2 to 1 it» a large field. Tn Jvfcanpla 1 the total oil 
producer is 23,000 barrels par day throughout the lifu o£ tlaa 
project. 

The injection weUs eLecfcrical haatera. ara r»ranted into c*he 
JO fanraticn and connected to % power souroo on tbo toorfeca. This 
pro d u cti o n walls are oo^lp*jed.vith standard ail field puirptf for 
lifting the produced oil to tha aurfaea, electrical injection 
rato lit 3.23 x 14) HZUA&n per day. Ifca tertt^ratnre raf the 
injector* attaina 750 *C* 'ihe prodactiori wells roach a terminal 
15 tenparafcure of 300 *C after 33-34 yttiz* of operatic**. Prodoction 
over thiA period averages 5-6 barrala/cky par wall, with the 
average auntoer of active producing wells b»iag frua about 4000 to 
5000, Eloat conaunption is 1*1 x 10* IMO/barrel of liqpuid oil 
pjcolucticju 

20 Gaseous products collected fro» the production wells nay be 

used for on-aite generation of cloctricity or other purposes. Tha 
oil-phaso potrolcu* which ie no prodpeed is superior to con- 
vent tonally retorted ahold oil. Tern relati** rata of return which 
oan bo Bxpsctad frexn tba Ufcanple 1 situation is Ulustrated by tha 

25 "ISC 1" situation designation on Fignre 1. 
KXrtHPLS 2 

A sariRa of injection and production «ell£ are drilled into an 
okX shale formation 225 m in thicknaaa with 300 nr of overburden. 
The average grade of tha oil shale interval is 26 gallons par ten 
:vd as detwrMned by Fischer assay. 

Thfl veil pattern is tte sane seven-spot described in aearaple 1 
except tha apeciog is 13.5 a between walls Instead of 22.5 m. Total 
prodoction is 25,000 barrels/day txouqhout tha life of the project. 
The injector to producar ratio still approaches 2 to 1 ♦ In tha 
wells, the beaton and production equipment are similar to those 
described in fcfcanpls U 
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Oh* «a«;triOttl injection rate is 10. S3 x 10 6 KSU/wmll par d«y . 
TViu ir>-jacti«i vrell tcwporatuiBB 730 f C and the prflductirwr 

wells ifeach a final trapcrature of ac» »C after a pxetketion life 
of 9-10 year*. Prodncticn cwwr this pariod averages 42-43 
barrels/day per wall, with the average nuufcwr of active prttfnniug 
wells being abcut fiDO. Thu heat ccnsuisptian is !S«6 v 10 J TmVbaxrel 
of ilcfirid oil pro&xjocL 

As in Exanple X, gaseous products can ba used for oa-sitxj 
power gaicratidn or other purposes &nd tha liquid product wOJ )« 
bighar in quality than conventionally retorted shala oil* Tha 
relative mta of return which can ba expected ia illustrated by the 
"Efc. 2" situation designation on Figure 1. 

Table 1 lifita aginations of oil, shale graian, tiiii^coesaas 
an3 grade-Chicknscs jMducte v*icn are generally suitable fear mm 
in the present; prooesa, Ttn» relative poBituyvs of such grade 
thidausfc* (jroducta vith respect to the relative rate* of financial 
return aiB illustrated by the designation* "Preferred Range" <P.RJ 
andl "Electa lly Picforrod Range" fB.P.R.] on Figure i. 



(Starts {qalXoofl/tnp) P uxtoesc iflfl Grade x Thickness 
30 30 900 
20 45 900 
10 90 900 



Mora deairable grade thickness axfiffplea axe *ht>m as follcw3: 

Grade fcpUlcpw/ton) 'Hudcnofie (m) Grade x Ihicknegs 

30 mo 4500 

25 60 1500 

20 300 6000 

15 #* 9000 

*0 223 2250 



20 



to grata!, the higher the grade thickrrea product the itore 
daairuble. The practical application is limited only by ttt* ability 
to hao± tha da aired interval,. 
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Field Test Mcasutmttnta 

Ttoste ware canductad in an ca (cropping of an oil shale 
formation which is typical of substantially ij*|*rn»afalii aivi 
relatively thick oil. shale d*pc*ita. Thirteen borobolea ware 
drilled to daptha between 6 and 12 u and Arranged to prwida 9 
pattern of beat-injectitxi, observation mid lluad-proAiction walla, 
with the boreholo* being spaced About 0.G m apart in order to 
provida a relatively rapid acquwtion of data. Haat wan injected 
at a rat* of about 1000 watts par raetr* for five day a. After the 
heat-injection wall tenperatore kid reached 450 °C, a tetupferutuna 
faJ.l«oCf test us* run for one toy. 

Figure 2 shows the vertical thecal profile* in an cbsexvattion 
well, as a functd.cn. of tiflo* The data vim fitted to a mathematical 
solution describing the tanparatnr* dintHbatixan around a 
finite- length lina roarer* inside' a jnadium of thgxnal contact lvity 
(parallel to bedding) 3.25 tncaL/cRj-aec- # C and thermal ocrductivifcy 
(peocpcoadicular) 3.25 aofO/aft^«ie-*a **ie specific heat opacity 
utilized in t*» calculations vu computed frcci the thermal 
conductivity/ thermal diffbsivity r and averaga fculk density of 
eot-en lowered during drilling of tlie wella. The theracpuyeical 
propMtiea for; the tha oil (thai* in which tba taottf usxe conducted 
are sunraarizad in TCble 2 . 

TftKLg 2 

Initial Reservoir Tmyvatnre 
FiecJier Assay; 
DulX Density 1 
Thermal Diffueivityi 
Specific ticat Capacity: 

Figur* 3 ahc*rs radial profiles oaiyutert far the middle of the 
l^atod zca*> for various beating ttae* ft) * At the end of a 
taoiferatUBD build-up fceet of 140.5 hours, toa average fbnnatiaD 
tecperaturo b oiawflu the haatan: and observation Mall was 120 °C, 



9.6 "0 

20 gallon/ton 
2*20 

6.* x 10" 3 cm 2 /aac 
0.224 cal/gra °C 



1288043 



- 15 - 

Fi^un? 4 shews a cccnparison oi laboratory values amd field 
data relative to tta thamal conductivity parallel tr> arri 
perpendicular to tha bedding plants of. the oil shale formation, aa 
a function of tagperature. Tha laboratory conductivity iimsurttneiitfl 
5 were EBde on adjacent sample* ot com frao the chservatioD well, 
u.qing <<me oz>rct cut. perallal to and orsre cut perpendicular to tlio 
bedding plana*, A rti trogaMttnoaphere wna uaed to eliminate 
oxidation reaction* Tha sanples ware cons trailed in tha vortical 
direction but ware free to expand radially • After the 3*nplos were 

10 heated to BOO *C, the radial expaneion avaragsd \.45%. As shown in 
tha figures, the laboratory value* oca in excellent agreecoB^t wilirt 
the values ocxipibed fmra the field data. Tha tM*t» indicate that 
the therml conductivity ia lower in tha direction perpendicular to 
tha bedding plana, because kerooan layer* hay* a lower conductivity 

15 than tha cfolcndte matrix. At temperatures below 1Q0 <1 C / the than**! 
conductivity in aa^mtiaily isotropic, as observed In ttao f iold 
tests. 8ut, that conductivity baconea increasingly anisotropic, a» 
the kerugen is removed (at terrperataraa batmen 300 and 400 °C) and 
gas begins to occupy the spaces batMoan tha layera. >bove 700 *C, 

20 both tha parallel and perpendicular oanAictivity dacreaoa sharply 
due to the d^r^yonitixm of the dolomite and evolution of COy 
When a subtorrane^m. oil shale. Carnation ia heated tha oil 
shale expands as the tenperature incacoaeea. When the oil shale 
ten^uratura reaches a loeroger pyrolyziag tenparature {for axanplo, 

25 frcm about 275-325 *C) additional expansion forces axe generated* 
Vhc kerogen is oonvertal to fluids capable of occupying a larger 
volume than tha kerooan, and such fluioe beoccne increasirtgly 
praasurized when tte temperatuxe is Increased. Ad more fluid is. 
foitud and mora fluid ia heated, hydcaulically induced f r equires 

i0 form within the oil shalo forwrtion. 

Fractures uzhich are bydreulioally Induced within subterranean 
earth fhxxnaticna fdra along planes perpendicular to the least of 
the three principal ccBpnaaeive sUesses (i-e./ one vertical and 
t*» nutuOly |jH i. yjwiM H m^ a r horizontal cenpreseive stresses) n*uch 

V 3 CXitft within any ei frf mr que a n earth ro ga ti on. However, whsre tha 
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hydraulic fracture* tend to bo vortical, haciwntal fracture* can 
ba forced by in >^ ting huatpd fluido go that the *alL» of the 
vortical fractures are heated untiJ they swell shut. Thai, by 
Increasing the fluid injecticn pr»»Uirfj to greaLer than i**arburdw\ 
pressuro, a horizontal fracture can be formed, ffcc* processes for 
thermally inducing thn fontwtian of hcrizmtal fractures by 
injecting externally heated and presGvri2fed fluid* are described in 
patents such as tJte abewe-nentiOTed US Patent No, 1,284,781; US 
Patent tfe« 3,455,391 by C.S. Mattha*e, Vamwara and C.W. Wide, 
and US Patent No. 3 f $1.3,785 by P.J. Cioataann. 

applicants have iidw disocvered that when substantially 
iitperneaW e »>bc«rrafican oil shaln having ttoc presently spaed ££ad 
ccntoination of grad*» and thickness wesa ctaductively heated a* 
presently specified., q 7on» of parnechility via <ieueLcped between 
well a within the oil sbule. Although the prcnaeat invention is not 
premised on any particular machaniwi, in the rourae of such a 
trcatireot the heated oil shale behaved as t lmuul i it was subjected 
to the abovu-da»cadbed type of prooaaa for thersally Inducing the 
formation of horizontal froctares. Sach a behavionr we* not 
predictable, since tfao ptfHH&rtt process U operated without any 
injection of any fluid. It appears that when the p re se n t process la 
operated within an isperjneable oil shale, the id situ genera tim 
and di^lacecncnt of heated and highly pressurized fluids occurs at 
the tunee and to the extents needed to successively extend and 
horisootally fracture through successive porticna of the oil shale, 
wftsn thoss p&rtlcne beocne OTdectircly heatocL Ihft zone being 
heated appears to undergo a relatively unifonn, horiearitaL, radial 
cxpansicra throncjh the ail abole, at the rate set by tho theml 
conductivity of the oil shale. In each ^ceeeive location in vSnich 
a Xerogen pyroly2ii^ UtfC|au.Jtu re is reached/ fluids Appear to be 
formed, heated and pressurized ao that substantially any vortical 
fractures which are fomed within the basted zone are subsequently 
cocjvertcd to horizontal fractures. 

A&licaat»' teats indicated that substantially all of the 
fluid pyrolysis promts of the oil sfrale bended to reiroin in or 
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tear the lOTticra in which they were fomwd until they wca» 
displaced, through ssbsrtaotially horizontal fractures, into wlls 
adjoining tho iieat-injecLitig well*. In addition, the fraetare- 
i/jducing pressorc of fluids in the l^orizctttai fractures appears to 
5 havo bran j^doced as those fluids cx^ird&d end *ere ccol&d as they 
moved away from tha hotbMit partioaui of the boated zone. 

Utma, the- praaerjt process seen to ajvtose the moving of a zone 
of kero9mrjyroly*iDg temperatures through tha oil shalfa 
iiniadi«tely behind a zanm of Jxcalized rracturinjg in which tha 

10 fractures are, or soon bacomp, horizontal fractures, The heating 
and fracturing rctneu seen to urkferga % substantially unifoon, 
horiiontal, radial expansion through tha oil shale, until tha rone 
of fracturing reaches a location (such as the borehole of a 
production wall) from which the oil ahalo eyrulyaia products art* 

(5 wtftdraan. 

In add i t i on, applicants have discovered that, at least wham 
the overburden peassure ia anally the zona- of permeability that is 
croatad between adjacent walla retains a significantly high degxea 
of pcnifiabilifcy after the roroatione have cooled, Thua it appears 

20 thati oven Lf tha overJaardsn pracsnx* ie high, an applicaticvv of 
tba present process ia capable of forming a weai-i u te iumi tooting 
zeno in which tha percneabillty ramies high or can be readily 
restored by an injection of fluid after esne or all of the hear, has 
dissipated* And, the dogine and location of that permeability can, 

25 be controlled by controlling tha rate of reraoviag +\t*aa ftca the 
producing walla. 

Thfe data Gbtaiued by nuuuranecrt? in field testa of the type 
described above war* inclusive oft the thermal conductivity of tba 
oil ehale fcrrotion^ the amount of oil i»coverafcJa by Fischer 

30 analysis at vorioue depths within heated intervals of the oil shale 
before and a£ tor huating, tha mcasjraceot off the ascent of 
pymlyeis products recouared, and the like. While no axramicatica 
QKistad b e t wee n heat injectors and producers at taat start-up, 
injcetkxni at the end of the test dencQBtxated tliat perjneable 

35 chancels had fionaed, B» results of standard engineering 



- 18 - 

e n 1 c u1at\ona were ii*Jieiit3.v« of the applioaiALLity °f a cmcey t , of 
the type cjMcriiX'd above to the pwultfl obtained by th* teats, 

Pigons 5 As a ^ph of Fls&wr A«r«y yielda, fruca the tarqwt 
zone in the field tvest, ac a function of dptpcJi 0* ufoe heated 
interval c*tandad frcca 4.2 to 6 m. liw wlics curve shows the yields 
hnfove the heating t«*rtji«nt and the. dashed carve r*ow* the yields 
attpx retorting was oorapiated, yioldc bafara and after were 
uuKffitially the ?3n» outcidb tita baatad interval. The ttcasurerants 
were matte on oarea froa the centre of tha pattern before heating 
and on cores about la an auacy after heating. The variations which 
are apparent in thosa yields are within the normal limits of 
accuracy for the ™**urirtg of such values* 

Witttin tha heated interval tiao Fischer Assay yieJd drops frcra 
on average of 20 gallacw/tnn* before the tttst to lees than 2 
gallona/ton afser heating. Hm retorting efficiency within the 
process acne wan thus better than Hi of Faaeher Assay* 

Tte pattern and extent of the recovery onnfimw tfce fact that 
little oil was lost over the producing horizoa through vertical 
fractures, in addition, tha uniformity in retorting efficiency 
through tfcni hasted zme, indicates that thermal fronts ware 
appraximateiy unifona over nest of tha heated interval, 

The uniformity oi tha thermal frottts is even more apparent in 
Figures fj and 7. ntey show horizontal and vertical temperature 
profiles calculated to a set of vertical beatara in a five-spot 
square pattern, Ike set used in the calculations included four heat 
injectors and one contra producer (not flhowi, but centered batwaen 
the heaters &20mi on tha fxgnres) . Each heator was assured to bs 
24 ro lung and heated at the rata of EJ14 W/nu 

'the profiles la figure r> (graphs of tCDporaturs variations 
with diatancas frcn the heaters) ware calculated along a horizontal 
so^uoot Z^I^ which ax tends through the adjd-pninta of haatera at 
nppceite cornar* of the «jnare. Figure 7 is a Rlral lar graph of 
profiles along a vertical segment 1^1^ on the axis of symmetry of 
tha* pafrraro. 

Such calculate cn» indicate that by tha tin* retorting 
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tsai»ratuies (275-32.5 °C) art: rrachad at tha caure of the pattern, 
iioro than 87% of rta vnlunw- has boon ourtvurtud while only about 14* 
of the converted voiua** «at» heated to more than 325 *a Furttonrare, 
tha calculations indicate that j.f the power ia turned off or 
.S reduced betorei thft osntrv reacbaa a target tetrpcrAttiLe aucb. as 

"C f the levelling off of the tbannal fronts will still halt the 
centre of the pattern to retorting tmparaturea atvd wiU also 
reduos tha t»fli)erafcure ri*e at the houturs* Thin mode n* operation 
nan ensure that Icoa than 10% of tha heated volume ia hooted to 
10 ntare than 325 °C, and thus can increase tha thermal efficica*y of 
U« peoceaa. 

In view of tho above taat results and the oolcraiatioivi haned 
on thnae results, it appear* that, contra to tbc parlor teachings 
•and buliafa, tha initial iitfltfrmnnhi lity of an oil shale deposit con 

15 bo utilised oa an advantage. The initial igperrnrflhi U ty ocmf jj»s 
the fluids sod fracture* idthin the well pattern, einca no 
paroabUity exist* until the sons batmen the heat-injecting and 
fluid-pttxiucing ^lla beccrae pormaabad by a patten) of heat-indubcod 
horizontal fractures* 

20 Xn tha present proca-w, the rate at which heat ia txansffiitted 

into the oil shale deposit ia strongly affected by the teroporarturo 
gradient betwaen a heat-injecting well and the surrounding earth 
formation. In a poreferrod prooedora, tha detararinatiojui of 
variations with dopth in tha composition and propertiME of the oil 

25 ahale deposit .include a dotorminaHnn of the pattern of heat 

conductivity with depth within tha earth fcaaafciona adjacent ta tha 
heat- inj acting veil. Baaed on such dateminatiane the te^eretures 
to which at least one heat— inj acting veil is heated are arranged to 
ba relatively high at the depths at whi<& tha heat ocodoetivi&its 

30 of tha adjacent earth formations arc ralatiwoly low. Thia tends to 
cause the rata at which heat ia transwlttod through the earth 
ftnmtians to be subatant tally anifbon along the axis of tha 
heat-infecting well. Krown prooadoxe* can be utilized in order to 
provide higher temperatures In partiona of beat injecting wells 

J3 adjaoanfc to aerth formations of relatively low haat condjctivity. 
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For example, in veils vhich are be log haated by electrical 
resia-tancaa, additional resistant elenents can be ponitionad at 
tho location at which extra heating Is required, preferably vita 
precautions being taken to avoid the creation of "run-away hot- 
spots" due to Increasing temperature further increasing the 
resistance and thus further Increasing the heating, Cor example, 
aa described 1a the coiwiooiy &ssign«4 Canadian patent application 
Serial No. 495,85* filed November 21, I9as, by P. VanHeuxa and 
C.F. Van Rgfuiond, In walls being heated by combustion* more, or 
larger, or mora heavily fired, burner elements can ba positioned 
io aucb location*. 

Suitable determinations of compositions and propertlei 
of the minerals and/ or organic components of an oil shale deposit 
and the variations with depth in such properties can be wade by 
means of known well logging, reservoir sampling, and ths ltKe 
analytical procedures* The deteraidationa can utilize previously 
measured geophysical or geochemieal data or laboratory or core 
analyses, etc, for era apis, the variations with depth in the heat 
conductivity of tb.e adjacent formations can be deter allied by 
calculations based on the kinds and amounts of materials present , 

And; or by thoracal conductivity lowing, nea.aurenents, etc. US 

» 

Patent Ho, 3,607,227 describes a logging tool containing a 
constant, output heat source and three temperature sensors tor 
obtaining a log ot relative thermal conductivity with depth, vs 
latent ffo, 3,892,12$ describes lodging cased or open boraholes (or 
tonperatura, specific beat and thermal conductivity, employing a 
constant output heat source and three teaparature sensors. MB 
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Patent NO. 3,864,969 deecrib*a a logger for making station 
meaeurementa ot? thermal conductivity by heating a formation for a 
time tfteu measuring the rate at which the temperature decays back 
to the ambient temperature. Ufl Patent Wo. 3,9*1,1*7 describes 
logging tberial conductivity of a cased veil by measuring the 
tenperatura of the casing wail before and after pasain? a heatad 
probe along the wall. 

Aa indicated above, oven with respect to a tiva-apot 
pattern in vbicH a a ingle fluid- producing well Is surrounded by 
four h«at*injecting walla, aubatantially all ot tfce intervening 
oil 
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shale can b2 both retorted <md uudv pennaable. However, present 
invention is preferably cnploycd in a Kuxius of antigcras s«v«n- 
or thirtecn-spot patterns — in eithar t>I which pattai-n» 
(particularly in the fchii-teerrspot pattern) the retorting mta iii 
5 significantly incrsasad by having each t )uid-pnxiucLng well 
surroundocl by six or twelve tart- injecting wills. 

'ins wells used in the present &>rce«fcii oan cuiplHtad: by 
»ubatantially any matnnd for cSriUltag a l»rebole into and/or 
opening j pa^-aodating borehole into fluid occammicatico with the 

10 subterranean oil shall* lomation to ha u&od as an oil single 

treatment interval. In addition ivo liaving the epiaaiiiad absvman of 
significant aaumU of imbila vwtar, tf^ckness, and grade, of oil 
knale, the interval to which the pirenent process is applied staild 
be capable of confining fluid art least Bubctaatially within the 

13 treatment intervals at least in respect to allowing no significant 
leakage into overlying locations when the prcuura of tho fluid 
rwchsi prccess pressure, and fractures the formation within the 
treatment interval. Tfca boreholes at walla conpleted tor in Che 
present procasa should be substantially pnrnUel and separated by 

20 BubRtantia.Uy equal distance? of at least about 6 io. Dareliolfi 

Bsparatiun distanoatt batwaen injectors and producers of fr aa stout 
9 to 30 en ar& particularly suitable. Borrtnlag free of deviationa 
from parallel, which causa variations ol more than about 20 per cent 
of the wsll dlfttanoGS a*ti particularly suitable. 

23 m the heat-Jrgecfcjng wlls used in the present process, the* 

cement or otmant-llko material which is usod to fiaal along tto face 
of the oil shale fbrroiticn ie preferably relatively heat^cccdnctive 
and substantially fluid-inparxieablB, Particularly preferred cements 
tica stablu at taapratnrefl of at laast about 300 °C, haua a 

30 relatively high thftrnwl condjetiviticfl^ relatively low pwcaaebillty, 
little or no shrinkage* an adequate ease of pun&obility and good 
chradcal resistance/ etc. The permeability and dispodticn of the 
3eallng material should provicfe a seal capable of preventing any 
significant awoant of fluid ftor between the interior erf the 

'15 toreholci and the faca of tha oil shale £am ati n n f so that the 
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txwMtnr of heat from the Wuil to the ft? rmati.cn is subntunrially 
«ntira.1 y by conduction, inhere portiarus of thtt laiat-injectLog wall 
borehole are Hff^ctdvaJy increased In diaa*>tcr near upper and lowter 
extremities of thu trBatxnent interval, for example, l>y under- 
5 reading, the dlauaters or th» incnesod portjona are preferably at 
least atout 110% of the nominal torahfilH diameter. Calcium 
alirjunate-bcrried concretes and/or ca mac rta containing oluwina- 
siliuata aggregates (or fine particles) are particularly suitablo 
Tor use as such forjurtion fface^aealtng Joaterialfu Ifcanytee of 

10 suitable omenta and octocreteee include those described in 173 
patents such as 3 r 379,252; 3,507,332 and 3,595, 642* 

Figure 8 aba** a portion of a teat-injecting uxdl lXirthola, 
toreholo 1, vftxlch ia fiuitatote far use in the present invention and 
ig located within a trootttHnt interval of subterranean oH\ shale 

] 5 deposit. ftazeftolc 1 ocntaina «ulargwd particne, *uch ae portions 2 
uod 3, which can be formed by cawentional procedures such a& 
unforroaain? during drilling, etci h caeing 4 ia shown positioned 
within the borehole and nwiynlml into plana with a fluidr 
ircpenneaklo, iToat-ccnductiw narterial, each a* ascent* 

20 within each enlarged borehole portion, tho casing 4 is 

equipped with at least one heat-oendoctive metal elenent, such ae 
collar 6, containing radially extensive eleaenta or portion, such 
as flexible metal neirbere 7. such bc&t-<onductivo rretcriale form 
relatively highly conductive pathe for conducting heat frexo vrithin 

25 the. interior of a borehole to substantially the wail of an enlarged 
portion of the borehole. EXanples of suitable teat-conductive netal 
filament* incloda nartal well acratchere/ turbalence inducers, 
central tsere and the lite such a* a Hammar-Lok rurbebonder, or 
BoltVok IXirbbbooder, available fxect Bakerline division of Baker OU 

31} loole or a 101 Bar S central i^r available fro© Antelope Oil Tool 
aivi taxutaefcuring Ccapany, etc. 

with an arangeoent of the type shorn in Figure 9, at' least to 
aura extHtot, the Unit of beat tranemtted away from a heet- 
iujecting well oon be soda xcre iiriftma along a vertical line 

j5 traversing a layer of relatively lev hsxrt conductivity without the 
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necessity of xnaintatning a higher tenperoture in the portion of the 
well Ddjocent to that Layer, tfhen a unifocal baapwriitura na 
mainfyilrtfrrt ujthin the interior of tte borehole, the earth rhrnaticci 
face- dlonrj such on anlargad portion of the borehole beocwaw haatod 
to substantially ti-se amuc ts0|*iratnra as the fo^iaaU.oa face aloay 
narrower portions of the. lxueehole. Sine* tta face of Che formation 
acrjeinitig the borehole is haatod to the M.gheet tcn^ra tare of any 
portion in tha faxnaUcn, t.ha te*.Tpc«attux'. gradient ttxtaodittg 
radi al l y away iron the enlarged portion of the boro-hoia iis ahiftad 
radially away fron tha borehuJei 

Tn general, the heating of tha intirrior of tha haat-irij«cting 
viell can ba aaccapiished by substantially any typs of besting 
device, such as cotbuaticn and/or electrical type of bcatin:j 
oieronts, or tha like. Vnm oairting element should extend 
substantially tlOTughout the Lmauini interval (preferably 
t>iruughout at laaat abcut &0 per octtt of that inturvoi) . Whara a 
caxfcustlori type hunting elenerit ie used* a gas- fired heater ia 
preferred, tha fbel and oxidant* £6r a ccntastion heater 4 such as 
rnethera and cacygsn) arc praf erably ai^pplisd trough separate 
conduit* iaoding through a heat exchanger in Wiich the incasing 
fluids are heated by the outflcMing ccHtaatica products, tho burner 
liaising and fluid conduits of a ccwbuHticn heater are preferably 
installed within a wall conduit vfcich is aumyjnded by an annular 
apace that ia filled by this cenaent for sealing the face of the oil 
shalo. Generally ddtablo type* of cenbuetien heatsere which could 
be arranged for use in the presort, proceed axe described in US 
Patents such urn 7,070, 802 | 2,780,450 and 2,903,270. 

An electrical refristanoe boater is particularly suitable for 
hsafciag the interior of « haat-iirjecting well in the present 
process. A plurality of resistance eleaaate are preferably need. 
Tha maiatance elenenbs can be counted witflin or cxtarnal to an 
internal conduit or cod, or ainply extended into the borehole. When 
the raeistoncee ore asternal to, or are free of a supporting 
alttKent, such as a eaoduit or rad r they ere praferebly entedded in 
the enrmt wiiicn coals the face of the oil (thai* .ilnng the 
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ticcitufiiat iuUirval* Generally suitable types of electrical hwatara 
which cculd be arranged for uaa jn the present yoxe&o ar» 
daacribed in us Patents such ow 2,«72,445r 2, *B4, 063? 2,670,802i 
2,732,195 aavl 2,954,826. 

In vai-j.au* reservoir situations, portions of an <rU Hhol* 
depofcat uhicb wxild, in cpsneral^ be suitable for uu* aa a treatment 
interval, as dattcxibtid in nur parent anpl j catioo , cnay bo pomfe^atsd 
by nauural fracture arui/or plar«a of weakness. Ouch relatively 
weak nx>3 may xavSexgo relatively long oxttinaionii of vertical 
fracturaa whan prfLWurized fluids being dis#laoaJ a*fey rxuoi an 
iiYjectica wall ocam into than. Tbia nap result in extending fluid 
passageways Jxyarao* tlio openings into production will* artf/or into 
adjacent aquifers capable of causing an Inflor of KatMf to an 
extant datrijBHntal to the oil recovery process. 

we liava no* diwuovered that aoch precature fracture extensions 
can be avoided by drilling and hurting "guard walla* vitnin such 
relatively weak oil shalo zones in locations surreutdintf a pa t tern 
of Ivaat injecting and fluid producing v»Us and/or in location* 
iiYtcmrittent betwaen a heat in j acting or fluid producing wed I and 
an adiacant aquifiar. Such guard walla ara us** for oonductively 
heating Uie adjoining formations substantially throughout the oil 
*>iale interval bo be treated to a txatpexatuxe which la too lov to 
gasify significant proportion* of the oil shale organic coo^onents 
but is high enough to causa a significant thanoal azpsnaion of the 
i-odca* Whan thom rocks are lieated the natural fractures axe heyt 
closed and tha fracturing caused by tha approaching pressurized 
fluids (displaced away from Ixat-in^ctlng walls) tends bo ha 
liiidtod to horizontal txactaraa canaaixtratsd along tha sides neaxeat 
to tha heat.->rrtectlng wells. Where fluid producing wtlla are 
located substantially bebnean tha hart- injecting valla and the 
guard veils, the fractures arc prafiursntially aattaedad into thou 
wells, where the high fluid pressures are- quickly radioed by tha 
production of tha inflowing fluid. 

Ina « >Luu i i t aring of such relatively weak reservoir rocks is 
apt to ba indticsrbad by on inflow of water into 192 la drilled .into 
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sucft xocfcs* H3 gsnaral, tta natural fbictimm i.TRatijuj a i^UjxUvq 
waofcnws airi/or gator iaQcw can be ttara&lly cIogikS fay a 
mlativaJy m i l d hsrtiwgr, aa long a* tho fxactwro porosity is Dot 
more than ofcojt 5 par cent* 



128804^ 

- 26 - 

K .8843 

1 . In a proorcs In vAiidi oil is prodnoad frm a subterranean oil 
?Jmlm deposit by extending at least era each of baat^iisjecti"? and 
£luid-praducin9 into the deposit, fcfitabl lahing a hsat- 

oonductiw f!irid>iiBjwcn»able barrier betwean the interior of oach 
tl©*t-in}CCtlJftg W>11 unci tha adjacent depoait, and then hating Uv» 
interior of each heat-irvjocting Mill at a topera-tor* sufficient to 
uOnductiv»ly heat oil shale fcerogaa and oause pyrolysis product* to 
fom fractures within th* oil shale deposit through which tbo 
pymlyais products aro displaced into art least noa production well* 
an impxovwwnt for snhanciisg- ti» unifomdty of tha loot fronts 
iDovia? through tha oil shale deposit, tfaicb artpriapfli 

afetexmining variations vitJi dapch jja tha ccPEOflitjon and 
pzjopcrtios Of tha oil shals deposit; 
completing said haat-injscting and flui d - pr oducing wall* 
selectively into a treatment interval of oil shals in whish 
tha oil shale deposit (a) is at least about 30 m thick P (b) is 
substantially inpandaabla and free of rooUe vater, (c) has a 
ocopoaitioa and ttoickna»a such that the product of tlie average 
Fiachar Amy grade tines tha thickness of tha treatment 
interval is at least about 930 # and W) tbsreby contaAnB 
occapcaienta capable of interacting A *onnar enhancing tha 
uniformity of a front of oonductivoly transmitted haat, with 
said wella being arranged so that, at least substantially 
chrcuglmit said treatment interval , tha wall, boreholes are 
substantially parallel and are asporsttsd by aii i eLai t tall y 
equaX distanoea of at least about 6 bu end 
within tha interior of each heat-injecting wll maintaining an 
average, tsxpsrzxtur* which, selectively alon? raid traatxnent 
interval, is at lfiast about 600 *C, hot is not high enough to 
thernally darage o^ipmartt within the well, whila heat is 
being transnitted awy from the vail at a rata nob slgai- 
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ficantly fastox than that psmdttad by tha tharnal nan- 
Activities of the earth iiiHtartiuns adjacasnt to tha heated 
intmv*l within th» weU. 

2. fftt parocw&i of claim 3 in which, to the extent required to 
S kfiCp t3i» rata at **uch Jiaat Ik transmitted ttarcogh the oil sfcale 

deposit cubctafttlAlly uniform aloog tb^ axes of the hooted internal 
of tha heac-injecting veil, the tsaperatura at wfcicb at 
least one neat-inject iJtg yell is heated is relatively highar At 
depth* adjaennt to parti osa of Lhs oil shale (deposit in which the 
10 host conductivities ore relatively lamx, 

3. The process of clAia 1 in which tha rota of hating tha 
interior of at leapt era teat- injecting well La varied to an extent 
causing an effective levelling off of die thermal front 30 Khat th* 
rata of advance through the oil sJwle ox Use throw 1 front z* 

f5 ocntinaed at aibetmtially the- suae rata while the rata of Increase 
of tfaa twpvraiarc* within the borehole is sicpificantly rodrcxd* 
A. 0!faa paxoam of claim 1 in tAiicb the heat-injecting and 
fluidrproducing veils are arranged in a aeries of contiguous 
patterns in idiidi oach flirid^goduclnq veil is aurrodndad by at 

2Q least four bsai-injecting v/clls. 

3» tha pcooase of c^ain 4 io vhU* each nuid^ra&cing veil is 
aortoUDded by tttalw heab-iij jesting wellii* 
6* Vim process of claijo 1 in uhicto the oil thalc grade is at 
least about 20 gallons per ton and tha grato-thictaess product is* 

25 at least about 45M > 

7. T^je process o£ claim l r cat&rinLix$ the stops of 

in each heat-injectin? weUJ , ^totantially t^ccugtcut the 
tre atm ent interval, sealing the faco of the oil shale foooaticoa 
with a solid xnatarial which ia relatively heet-cxvdnctxve and 

30 substantially fluid ixgonoaablft* 

in at least one heat-in jecttag veil increasing the effective 
dimeter of the bccehola in at least one portion of tha treatment 
interval and extending at least cam bsatraendoctive vartal aleasnt 
ten within the Intorlnr of the bcrsfaola to near the face of the 

35 DC-enlarged portion of the borehole? and 

in each Iluid-pzoducin9 well, cabsfcirrtrially throughout ttm 
tzeatxKnt intervals establishing fluid oexsuication between the 
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v»M fcor* ard tfie oil shale formation and arranging Che weU for 
prrxiionq fluid from Lhe oil shalft formation. 

8. tha process of daia 7 in *fclch tin jmtaoeiai sealing th» faoa 
of thfr oil shale f arrant Ion along the bontole of a tM*t-in >eting 
well is a oeanowt arranged to fill substantially all of the space 
betwmrt the outamost mrtallic elfltwnts within tho interior of the 
borehole and tf« faca of the oil shale fornat-iCTi, «tCK sa.i/3 oamsmt 
having a thtunnal conductivity at least R\ahwtnnt tally aa high a a 
that of tbo oil fch&lfc format ion. 

9. 'Phe process of claim 1 ui uftich at leaat one veil .located near 
an edge of a pattern o4 beat-injecting ana fluidhpro3uci?ig wnila is 
extefidad substantially Uiroughout the trvtzwrt interval And hHurtttd 
at a tsarperaturta high «njogh to cause a thermal aqpaaHng and/ or 
compressive stressing of tho- adjacent aarth Carnations but low 
enough ho avoid aignificnt theraal uobali7»tioxi of organic 
COQ|3cx3Bnts of thu oil ahal*. 

10. The proooss of claim 9 in uhlcb at least oca so heated veil is 
subsequently heated at about the teapar a aone selected Cor the 

Ii eating of the l^eat-injecting wells being employed- 
11* Thm pcooeaa of claim 1 in Whictx the wall hranefrnies of aaid 
haat-injd^tica and £Ln±d grairring walla are aapfiratad by 
substantially equal distance* of about 9 to 30 m* 
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ABSTRACT 



C0UD1 1. T X VHI Y HBKTDO h SOSISBRAMBW Off, &CALE TO 
TBQMBftBIU?? AW flr.TP8TO.IFfMlf3f TOQDtXS OIL 



Shale oil is fi^eeguently pco&ood £ecm a gi fc torraneac 
interval of oil shals, where tlie lntaxval is initially 
substantially ta5»orrastola and oontaira a apadLtied ^rada and. 
thickness of oil shala. Said interval ia oonductiwaly heated from 
br>mbul« ijrtariora which are kapt hotter than about <SCO *c and are 
heated at a rate such that kerogsn pyrolysis prodects f earned within 
the- oil ehsJa czaata and flcu through horieentai firacturiM ^tich 
flubaaquaatly beoooo cst andsd Into fUiiaVproauclJsg volls that axe 
positioned la spadf-iad location*. 



